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57 ABSTRACT

A device fabricated to redirect electromagnetic signals, the
device including a primary driver adapted to provide a
predetermined force, a linkage system coupled to the pri-
mary driver, a pusher rod rotationally coupled to the linkage
system, a flexible rod element attached to the pusher rod and
adapted to buckle upon the application of the predetermined
force, and a mirror structure attached to the flexible rod
clement at one end and to the substrate at another end. When
the predetermined force buckles the flexible rod element, the
mirror structure and the flexible rod element both move to
thereby allow a remotely-located electromagnetic signal
directed towards the device to be redirected.

29 Claims, 8 Drawing Sheets

71




5,959,375

Sheet 1 of 8

Sep. 28, 1999

U.S. Patent

7
-l#
=—B""I ﬁ. 4
s
£
."
[
[ |

|

i _ -4 L,lw

qcl

o QY o B e [ = Y — QY o |

D
0
0
U
H

D

[

I

T
1

16

Ol



U.S. Patent Sep. 28, 1999 Sheet 2 of 8 5,959,375

&S o A Yy,
&
o]
W |
v
=24
.
)
CNJ
LD
@O
)
Lo oD
LD
&3 N
r— |
o D
T
:/
M
) (& p
D




U.S. Patent Sep. 28, 1999 Sheet 3 of 8 5,959,375

-
Li_
%
= f~—
| | o
- p
P
| o >
S S O
L Li_ L
>
s
g —— 5

93

01 93
\
91 \



U.S. Patent Sep. 28, 1999 Sheet 4 of 8 5,959,375

/1

FIG-4

93

9%a




5-Ol 6 ”

5,959,375

Sheet 5 of 8

Sep. 28, 1999
i
i

el = HNES

I
i
£2
-4
N

! ]

U.S. Patent



U.S. Patent Sep. 28, 1999 Sheet 6 of 8 5,959,375

(RAD)

15

T T
FIG-6

0.5

DRIVE FORCE (N)
0.0002
0.00015

0.00005



U.S. Patent Sep. 28, 1999 Sheet 7 of 8 5,959,375

113

o1

/1

11

FIG-7

15

99

13




U.S. Patent Sep. 28, 1999 Sheet 8 of 8 5,959,375

FIG-8

o

/121
1
]

15

123



3,959,375

1

DEVICE AND METHOD FOR REDIRECTING
ELECTROMAGNETIC SIGNALS

GOVERNMENT RIGHTS

This mvention was made with United States Government
support under Contract No. DE-AC04-94 A1.85000 awarded
by the U. S. Department of Energy. The Government has
certain rights in this invention.

BACKGROUND OF THE INVENTION

In the field of micromechanics, mechanical devices are
fabricated which are on the scale of micrometers (i.c.,
approximately 1x107°). In particular, electrically powered
micrometer-sized micro-motors (or “micro-engines” as they
are known) exist which are designed to provide rotational
motion 1n order to drive a mechanical load. These devices
are typically electrically powered and are generally con-
structed using surface machining techniques, which can be
generally applicable to the micro, milli and macro domains.
However, a similar mechanism may be designed with LIGA
technology (“Lithographie Galvanoforming Abforming”, an
acronym which evolved from the Karlsruhe Nuclear
Research Center in Germany). This type of device, for
example, 1s described 1n U.S. Pat. No. 5,631,514 to Garcia
et al., titled “Microfabricated Microengine for Use as a
Mechanical Drive and Power Source 1n the Microdomain
and Fabrication Process” and i1s sufficient to drive a
mechanical load at micrometer scale for a variety of end-use
applications.

While applications using a micromachined mirror are
found in the prior art (such as the article titled “Micromirrors
PrOJect Better Images™, Byte magazme July 1996) such
mirrors are fabricated to remain substantially in the same
plane as the plane the mirror was originally fabricated in.
The mvention disclosed herein differs from existing micro-
mirror technology 1n several respects. First, until the present
invention, micromirror technology attempted to rely on a
rigid link to raise the mirror out of the plane of the wafer, but
with great difficulty and varied results. Second, until the
present 1vention, there was no practical way to mechani-
cally move a micrometer-sized mirror up and out of the
plane of the watfer, but rather, was done manually with a
probe tip which typically resulted 1n damage to the mirror,
the nearby fabricated structures or the wafer itself. Third,
raising the micrometer-sized mirror manually was not a
reliable procedure due to the unpredictable forces generated
on the mirror structure and other nearby structures. Fourth,
manually raising the mirror 1s impractible for almost all
commercial applications. Fifth, prior art 1s devoid of tech-
nology which allows the mirror to be substantially raised out
of the wafer’s plane of fabrication. Finally, the planar
structures created by surface micromachining present diffi-
culties with developing a sufficient moment to move fabri-
cated structures out of and mto the X, y coordinate plane
when actuated by those same planar structures, wherein the
ditficulty arises due to the short moment arms (111 thickness
direction of the z-coordinate axis) which are created during
the fabrication process.

The present 1nvention overcomes the prior art’s deficien-
cies by providing an apparatus to selectively drive a spe-
cially designed output gear mechanism which, 1 turn
through a series of linkage systems and other structures,
engages a mirror to move the mirror out of and into the
mirror’s plane of fabrication by buckling. Similarly, the
present invention allows selective operation of the mirror to
any predefined angle in the X, y or z coordinate axis. The
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present invention is useful in certain industries (such as the
defense industry) and is especially useful to redirect
remotely located electromagnetic signals from an electro-
magnetic source such as an optical source having an optical
beam diameter ranging from 100 to 400 micrometers.
Consequently, the present invention may be utilized 1n
nuclear detonation systems, conventional munitions detona-
fion systems, optical scanners, 1n optical switching applica-
tions for fiberoptic communication systems, for assembly of
other michromachinery and other related applications. For
example, with the advent of fiber optic telecommunication
systems has created the need for small, highly efficient,
low-cost optical switches that are used to redirect optical
signals such as provided by the present invention.
Additionally, the present invention 1s useful in other appli-
cations requiring larger switching systems.

It 1s therefore an object of the present invention to provide
a device for redirecting optical signals comprising a prlmary
driver means, a linkage system attached to the prlmary
driver means to amplify the input force from the primary
driver means, a pusher rod rotatably coupled to the linkage
system, a flexible link element connected to the pusher rod
and adapted to buckle upon a predetermined force applied
by the pusher rod and a mirror being coupled to the pusher
rod.

It 1s a further object of the present invention to provide a
micrometer-sized device adapted to redirect signals by use
of a mirror structure and a flexible link adapted to buckle,
both the flexible link and the mirror structure fabricated
from the plane of a wafer and capable of movement into or
out of the watfer’s plane of fabrication.

It 1s also an object of the present invention to provide a
device for redirecting electromagnetic signals including a
driver means adapted to provide a predetermined force, a
linkage system attached to the primary driver means, a
pusher rod in mechanical communication with the linkage
system, a flexible link element 1n mechanical communica-
tion with the linkage system and adapted to buckle upon the
predetermined force, a pusher rod in mechanical communi-
cation with the flexible link element and a micrometer-sized
mirror in mechanical communication with the pusher rod.

It 1s a further object of the present invention to disclose a
device adapted to redirect electromagnetic signals by use of
a movable, deformable micrometer mirror structure without

any manual intervention.

It 1s an object of the present invention to provide a device
fabricated on a substrate 1n the microdomain for redirecting
signals including a flexible link element adapted to buckle
upon a predetermined force applied by a pusher rod to
thereby raise a micrometer fabricated mirror 1nto a prese-
lected position above the plane of the fabricated substrate
into a third coordinate dimension without any manual inter-
vention.

It 1s also an object of the present invention to provide a
device for redirecting signals having a mirror structure
fabricated from the plane of a wafer and capable of move-
ment nto or out of the water’s plane of fabrication, the
mirror structure including at least one support structure
attached to the wafer, to thereby permit rotation of the mirror
structure out of the plane of the water by support structure
bending.

It 1s also an object of the present invention to provide a
micrometer-sized device for redirecting signals having a
mirror structure fabricated from the plane of a wafer and
capable of movement into or out of the wafer’s plane of
fabrication, the mirror structure attached at one end to the
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waler by at least one support structure, and at the other end,
attached to a flexible link by a plurality of hinges, to thereby
allow rotation of the mirror structure.

It 1s another object of the present invention to provide an
apparatus for redirecting electrical signals between two
substrates, the invention including a contact structure fab-
ricated from the plane of a first wafer and in electrical
communication with an electical circuit fabricated on the
first wafer, the contact structure being capable of movement
into or out of the first wafer’s plane of fabrication so as to
clectrically contact a second electrical circuit fabricated on
a second wafer, thereby allowing redirection of an electrical
signal between two or more waters.

It 1s also an object of the present invention to provide a
device for redirecting electrical signals on a wafer, the
invention including a contact structure fabricated from the
plane of a wafer and 1n electrical communication with an
electical circuit fabricated on the wafer, the contact structure
being capable of movement within the first wafer’s plane of
fabrication so as to electrically contact a second electrical
circuit fabricated on the water, thereby allowing redirection
of an electrical signal between two or more electrical circuits
fabricated on the same watfer.

SUMMARY OF THE INVENTION

The present 1nvention comprises a primary driver means,
a linkage system mechanically coupled to the primary driver
to thereby amplity the mput force provided by the primary
driver, a pusher rod rotationally coupled to the linkage
system, a flexible element mechanically coupled to the
pusher rod and adapted to buckle upon a predetermined
force, and a mirror structure coupled to the flexible rod
clement.

The present invention 1s a single degree of freedom
system, which 1s a system where all elements of the inven-
fion move 1n unison. In particular, all structural elements are
formed on a single crystal silicon wafer. As such, a plurality
of electrostatic or magnetic circuits control the operation of
the primary driver means to drive the linkage system 1n
ogear-like fashion. When the linkage system 1s engaged, the
linkage system engages the pusher rod with a predetermined
force and 1n approximately a single coordinate direction to
thereby provide such force to the flexible link. To assist in
the unidirectional axial thrust of the pusher rod, a plurality
of optional guides attached to the waler can be employed.
The flexible link 1s adapted to buckle at the predetermined
force. When buckled, the flexible link engages the mirror
structure to thereby allow the mirror structure to move into
or out of the wafer’s plane of fabrication at any predeter-
mined angle with respect to the wafer. Preferably, all com-
ponents are fabricated in the micro domain, but may be
larger as desired.

The present mmvention overcomes the difficulty of raising
a mirror which has been fabricated 1n the plane of a wafer
through a design that utilizes the phenomenon known as
buckling to provide sufficient forces to raise a micrometer-
sized mirror structure up and out of the wafer’s plane of
fabrication. By applying axial forces to the push rod and
thereby forcing the flexible link to buckle, an internal
bending moment about an axis parallel to the wafer’s surface
1s created which can be harnessed to raise or lower the
micrometer-sized mirror structure.

The novel features of the present invention will become
apparent to those of ordinary skill in the art upon examina-
tion of the following detailed description of the invention or
can be learned by practice of the present invention. It should

10

15

20

25

30

35

40

45

50

55

60

65

4

be understood, however, that the detailed description of the
invention and the specific examples presented, while 1ndi-
cating certain embodiments of the present invention, are
provided for 1illustration purposes only because various
changes and modifications within the spirit and scope of the
invention will become apparent to those of ordinary skill in
the art from the detailed description of the invention and

claims that follow.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a top view of the present invention illustrating
the present invention when not in operation;

FIG. 2 1s a partial top view of the present invention;

FIG. 3a 1s a cross-sectional view of the flexible rod
clement and mairror structure of the present invention when
not 1n operation;

FIG. 3b 15 a cross-sectional view of the flexible rod
clement and mirror structure of the present invention when

engaged to raise the mirror structure to a predefined angle;

FIG. 3¢ 1s a cross-sectional view of the flexible rod
clement and mirror structure of the present invention when

engaged to raise the mirror structure to a predefined angle;

FIG. 4 1llustrates the flexible rod and the mirror structure
of the present invention;

FIG. 5 1s a top view of the present invention 1llustrating,
the present mvention when in operation;

FIG. 6 1s a graph illustrating the amount of force gener-
ated by the linkage system to actuate the flexible rod element

and mirror structure of the present invention;

FIG. 7 depicts an alternate embodiment of the present
invention; and

FIG. 8 1illustrates another alternate embodiment of the
present 1nvention.

DETAILED DESCRIPTION OF THE
INVENTION

In the preferred embodiment as seen 1in FIG. 1, the present
invention 10 comprises a micrometer-sized primary driver
means 11, a linkage system 31 mechanically coupled 1n
oecar-like fashion to primary driver means 11 to thereby
amplily the 1mput force provided by primary driver means
11, a pusher rod 51 rotationally coupled to linkage system
31, a flexible rod element 71 mechanically coupled to pusher
rod 51 and adapted to buckle or flex upon a predetermined
force, a micrometer-sized mirror structure 91 coupled to
flexible rod element 71, and a plurality of driver stops 1014,
1015, all integrally formed on the surface of wafer 9 by
surface micromachining techniques, generally using poly-
silicon.

Primary driver means 11 1s a general purpose actuator, and
preferably, 1s a microengine having two synchronized actua-
tors 13a, 13b as a power source which converts oscillatory
motion from actuators 13a, 13b 1nto rotational motion via
direct linkage connections 154, 155 to linkage system 31. In
the preferred embodiment, primary driver means 11 1s the
microfabricated microengine disclosed i U.S. Pat. No.
5,631,514 to Garcia et al., the specification and teachings of
which are hereby incorporated by reference. Alternatively,
those of skill in the art will realize that any device adapted
to drive an output gear or linkage system 31 can be
employed as primary driver means 11.

As seen 1n FIGS. 1 and 2, linkage system 31 1s mechani-
cally coupled 1n gear-like fashion to primary driver means 11
through linkage connections 15a¢ and 15b. In particular,
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linkage system 31 1s designed to amplify the input force
provided by primary driver means 11 and includes circular
hub 35 mechanically connected to wafer surface 9 by
scomented gear pivot 39, an outer gear 33, a plurality of
spokes 37 interconnecting hub 35 to outer gear 33, and
clongated curved drive link 32. Preferably, a plurality of
holes 36 (or, etch release holes) are formed upon hub 35 and
spokes 37 to lighten the weight of linkage system 31, and
also serve 1n the fabrication process to assist 1n the elimi-
nation of oxide. The gear teeth on outer gear 33 are adapted
to mechanically communicate with the gear teeth upon
linkage connections 154 and 15b. As seen 1n FIG. 1, linkage
system 31, and more particularly outer gear 33, 1s not a full
circular gear and 1s not required to be a full circular gear as
will soon become apparent to those of skill in the art.

As seen 1 FIG. 2, elongated curved drive link 32 i1s
fabricated to rotationally attach to circular hub 35 at pivot
joint 34 which 1s a point that axially intersects the center of
hub 35. Drive link 32 is curved at one end 32a about
secgmented gear pivot 39 so as not to come 1nto contact with
secgmented gear pivot 39, and as shown, 1s designed for
processing convenience to provide the necessary predeter-
mined axial forces to achieve buckling 1n flexible rod 71.
Optimally, when the present invention 10 1s in 1ts initial
position, pivot joint 34, scgmented gear pivot 39 and pivot
joint 52 all line up axially to provide the greatest amount of
initial force when primary driver means 11 is first engaged,
and therefore, drive link 32 can be fabricated without any
curved portions. This relationship, for example, 1s seen 1n
FIG. 6, which graphically depicts the amount of force
ogenerated by the linkage system 31 as a function of seg-
mented gear angle to acuate the flexible rod element 71 and
mirror structure 91. Anchors tops 1014 and 1015, fabricated
on and attached directly to water 9, prevent full rotation of
output gear 33, and preferably, limit total angular rotation
between 0 degrees and 120 degrees. However, as those of
skill n the art will come to realize, by extending the size of
spokes 37, 1t 1s possible to achieve rotation up to 180
degrees. Thus, when primary driver means 11 1s engaged,
linkage system 31 operates to partially rotate through a
predefined rotational path which defines the angle a (as seen
in FIG. 3) upon which the mirror structure 91 is raised or
lowered.

As seen 1n FIG. 2, pusher rod 31 1s rotationally coupled
to the other end of curved drive link 32 through pivot joint
52. Pusher rod 51 1s an elongated element designed to
transfer axial forces between linkage system 31 to flexible
rod element 71. Because of the nature of forces involved and
the axial direction required, a plurality of guides 53, 55, 57
and 59, fabricated on and attached to wafer 9, are employed
to ensure that pusher rod 51 maintains an axial direction at
all times during operation. Guides 33, 55, 57 and 59 are
typically fixed structures fabricated apart from each other,
but can include cam roller bearings for ease 1n guiding
pusher rod 51 1 an axial direction, and can also include
other support structures (such as integrally formed retainer
lips or interconnecting rods which interlink one or more
guides) to prevent pusher rod 51 from rising out of the
waler’s plane of fabrication.

At one end, flexible rod element 71 1s preferably inte-
orally formed with pusher rod 51. Flexible rod element 71
1s generally designed to be thin, elongated and fabricated
from polysilicon, and 1s necessarily fabricated to buckle or
contort to form an arch-like structure when a predetermined
force 1s applied so that 1t moves up and off the surface of
waler 9. When buckled, flexible rod element 71 produces a
bending moment about an axis of bending which 1s parallel
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with the plane of water 9. With the design of the linkage
system 31 and pusher rod 51, a very high initial actuation
force 1s created when primary driver means 11 Is initially
engaged, resulting 1n a predetermined force to buckle flex-
ible rod element 71. As those of skill in the art may know,
the critical buckling load 1s determined by the material used,
and also generally by the equation 1/L*, where L is the
length of the flexible rod element 71.

At the other end of flexible rod element 71 1s coupled
micrometer-sized mirror structure 91 as 1llustrated in FIG. 4.

Mirror structure 91 includes reflective mirror 93 integrally
attached to water 9 through at least one connecting means 935
anchored to wafer 9. For further support, the present inven-
tion may employ additional connecting means (such as that

identified as item 97 in FIG. 2) which is integrally attached
to reflective mirror 93 on one end and anchored to water 9

at another end. In the preferred embodiment, reflective
mirror 93 1s coated with a material which enhances light
reflectivity, such as gold, and can be formed 1nto any desired
geometric shape such as a square. Moreover, mirror 93 1s
designed to reflect other electromagnetic signals depending
on the composition of mirror 93 or the type of coating
applied to the surface of mirror 93.

In an alternate embodiment, reflective mirror 93 1s
coupled to flexible rod element 71 through at least one hinge
means at point 71a (as depicted in FIG. 4) which is micro-
fabricated by techniques known 1n the art, and to connecting
means 95 and 97 through similar hinge means at points 954
and 97a. In fact, 1t should be clear to those of skill in the art
that the elongated leg portion of connecting means 95 and 97
are not necessary when hinge connecting means are
employed at points 95a and 97a. Further, those of skill in the
art will realize that other forms of surface machining which
couple mirror 93 to flexible rod element 71 and wafer 9 are
within the scope and spirit of this mnvention.

When the present invention is not in operation (as seen in
FIGS. 1 and 3c), mirror structure 91 is positioned normally
in wafer 9’s plane of fabrication. In operation, primary
driver means 11 1s operated to engaged linkage system 31
through a predetermined force F. Linkage system 31, 1n turn,
partially rotates thereby causing curved drive link 32 to
transfer force F to pusher rod 51. The relationship between
the amount of force F produced by the linkage system 31 to
operate flexible rod element 71 and mirror structure 91 is
shown 1n FIG. 6. Further, the amount that linkage system 31
rotates 1s dependant upon the placement of anchor stops
101a and 101b, but preferably rotates up to 120 degrees.
Because of the position and design of curved drive link 32
within linkage system 31, and because curved drive link 32
1s rotationally coupled to pusher rod 51, curved drive link 32
1s adapted to provide an axial thrust force F on pusher rod
51 at any angular rotation of linkage system 31 between
0-180 degrees. Next, pusher rod 51 travels in an axial
direction to generate axial force F to flexible rod element 71.
Then, flexible rod element 71, upon being axially forced by
pusher rod 51, buckles upon application of predetermined
force F so as to move out of and into wafer 9’s plane of
fabrication. Because flexible rod element 71 1s coupled to
mirror structure 91, mirror structure likewise moves out of
and 1nto wafer 9’s plane of fabrication. This arrangement 1s
illustrated in FIG. 5. Depending upon the amount of force F
supplied by primary driver means 11, mirror structure 91
moves 1nto or out of wafer 9°s plane of fabrication by angle
a (as seen in FIGS. 3a—3c), which is preferably 45 degrees.
As such, an external electromagnetic source, such as a laser,
can direct an electromagnetic signal to mirror 93 which, due
to 1ts high reflectivity, can redirect the electromagnetic
signal to a different coordinate path dependent upon the

angle a.
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In all embodiments described, the predetermined force F
1s approximately consistent at each step of operation,
however, force F may vary due to natural forces such as
friction. Moreover, as seen 1n FIG. 6, the force initially
applied by primary driver means 11 to linkage system 31 1s
high, and as mirror 93 1s raised out of the plane of wafer 9,
the force F required to raise mirror 93 will decrease.

An alternate embodiment of the present invention 1s
partially 1llustrated in FIG. 7. In this embodiment, two
wafers (9 and 109) are placed adjacent to each other by
spacers 113. Upon wafer 109 1s fabricated at least one
electrical circuit 111, and upon water 9 1s fabricated at least
one electrical circuit 99 which 1s 1n electrical communica-
tion with contact structure 115. Contact structure can be
formed, for example, from any material which reduces
contact resistance. When pusher rod 51 applies an axial
force upon flexible rod element 71, flexible rod element 71
buckles and contact structure 115 substantially moves out of
waler 9°s plane of fabrication and electrically contacts
clectrical circuit 111, thereby causing electrical circuit 111
and circuit 99 to be 1 electrical communication. In this
fashion, the present invention allows for redirection (or,
switching) of an electrical signal between two or more

electrical circuits formed on different wafers.

Another alternate embodiment of the present invention 1s
llustrated 1n FIG. 8. In this embodiment, electrical circuit
121 1s formed upon water 9. Similarly, electrical circuit 123
1s formed upon wafer 9 and is 1n electrical communication
with mirror structure 91. Flexible rod element 71 1s designed
to buckle 1n the y coordinate directions so that contact
structure 115 similarly follows the path of element 71°s
buckling direction. When flexible rod element 71 1s buckled
(as, for example, in the y direction as seen in FIG. 8), contact
structure 115 remains within wafer 9°s plane of fabrication,
yet allows for electrical contact with electrical circuit 111,
thereby causing electrical circuit 111 and circuit 99 to be 1n
electrical communication. In this fashion, the present inven-
tion allows for redirection (or, switching) of an electrical
signal between two or more electrical circuits formed on the
same walfer.

Other variations and modifications of the present inven-
tion will be apparent to those of ordinary skill in the art, and
it 1s the intent of the appended claims that such variations
and modifications be covered. The particular values and
configurations discussed above can be varied, are cited to
illustrate particular embodiments of the present mvention
and are not intended to limait the scope of the mvention. It 1s
contemplated that the use of the present invention can
involve components having different characteristics as long
as the principle, the presentation of an apparatus and method
which redirects electromagnetic signals, 1s followed.

I claim:

1. A device for redirecting electromagnetic signals, the
device comprising:

(a) a substrate base having a surface;

(b) a primary driver means adapted to provide a prede-

termined force;

(¢) a linkage system coupled to the primary driver means
in a gear-like fashion and adapted to amplily the force
from the primary driver means;

(d) a pusher rod rotationally coupled to the linkage
system,

(e) a flexible rod element coupled to the pusher rod, the
flexible rod element buckling upon application of the
predetermined force and unbuckling upon removal of
the predetermined force, the flexible rod element
adapted to move out of and into the substrate; and
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(f) a mirror structure coupled to the flexible rod element
at one end through a first connecting means, and
coupled to the substrate through a second connecting
means, the mirror structure moving out of the substrate
when the flexible rod buckles and into the substrate
when the flexible rod unbuckles,

the primary driver means, linkage system, pusher rod,
flexible rod and mirror structure all being on the
substrate base.

2. The device of claim 1 wherein the primary driver means

1s at least one actuator adapted to convert an oscillatory
motion to a rotational motion.

3. The device of claim 1 wherein the primary driver means
1s a microengine fabricated 1n a micro domain.

4. The device of claim 3 wherein the microengine 1s a
micrometer-sized device adapted to drive the linkage system
in gear-like fashion.

5. The device of claiam 4 wherein the linkage system
further comprises a segmented gear pivot connected to the
substrate surface, a circular hub connected to the segmented
gear pivot, an outer gear, a plurality of spokes interconnect-
ing the outer gear to the circular hub, and a drive link
rotationally coupled to the circular hub.

6. The device of claim 5 wherein a first end of the drive
link 1s curved, the first drive link end being coupled to the
circular hub to prevent contact with the gear pivot.

7. The device of claim 6 wherein the drive link 1s
rotationally coupled to the circular hub at a pivot joint which
approximately axially intersects a center of the circular hub.

8. The device of claim § wherein a first end of the drive
link 1s rotationally connected to the circular hub at a first
pivot joint, a second end of the drive link 1s rotationally
connected to the pusher rod at a second pivot joint, the first
pivot joint and the second pivot joint line up axially through
a center of the segmented gear pivot.

9. The device of claim § further including a plurality of
anchor stops fabricated upon the substrate base at predeter-
mined locations, the locations being determined to prevent
a full angular rotation of the linkage system.

10. The device of claim 9 wheremn the anchor stop
locations are placed to limit the rotation of the linkage
system between 0 to 180 angular degrees.

11. The device of claim 10 wherein the anchor stop
locations are placed to limit the rotation of the linkage
system between 0 to 120 angular degrees.

12. The device of claim 4 wherein the pusher rod 1s
structurally adapted to transfer an axial force from the
linkage system to the flexible rod element.

13. The device of claim 4 further including a plurality of
ouides fabricated upon the substrate base immediately adja-
cent to the pusher rod to ensure that the pusher rod maintains
an axial directed movement.

14. The device of claim 13 wherein the plurality of guides
are cam roller bearings.

15. The device of claim 13 wherein the plurality of guides
are 1nterconnected by one or more support structures to
prevent the pusher rod from rising out of the substrate.

16. The device of claim 4 wherein upon an application of
the predetermined force, the flexible rod element forms an
arch-like structure.

17. The device of claim 4 wherein the mirror structure
includes a reflective mirror integrally attached between the
first connecting means and the second connecting means.

18. The device of claim 4 wherein the mirror structure
includes a reflective mirror, the first connecting means and
the second connecting means are hinges to allow the reflec-
tive mirror to be rotationally attached between the first
connecting means and the second connecting means.
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19. A method of selectively redirecting electromagnetic
signals, the method comprising the steps of:

(a) fabricating a substrate to produce a primary driver
means adapted to provide a predetermined force, a
linkage system coupled to the primary driver means 1n
a gear-like fashion, a pusher rod rotatably connected to

the linkage system by a curved drive link within the
linkage system, a tlexible rod element interconnected to
the pusher rod and a mirror structure attached to the
pusher rod at one end and attached to the substrate at
another end, the mirror structure having a reflective
mirror which 1s substantially 1n the substrate;

(b) engaging the primary driver means to generate the
predetermined force on the linkage system to cause the
linkage system to partially rotate-,

(¢) transferring the predetermined force from the linkage
system to the pusher rod by a curved drive link,

(d) transferring the predetermined force from the pusher
rod to the flexible rod element, the flexible rod element
buckling in arch-like fashion with the application of the
predetermined force and unbuckling with a removal of
the predetermined force;

(e) transferring the predetermined force from the flexible
rod element to the mirror structure;

(f) and moving the mirror structure and the flexible rod
clement out of and into the substrate to achieve a
predefined angle of the mirror structure with respect to
the substrate.

20. The method of claim 19 further including the steps of:

(a) allowing a remote electromagnetic source to direct an
clectromagnetic signal to the reflective mirror in the
mirror structure; and

(b) redirecting the electromagnetic signal.

21. An apparatus upon 1n the microdomain for changing
the coordinate direction of electromagnetic signals sent to
the apparatus, the apparatus comprising:

(a) a first wafer;

(b) a microengine on the first wafer to generate a prede-
termined force;

(¢) a linkage system on the first wafer, the microengine
coupled to the linkage system 1n a gear-like fashion;

(d) an elongated pusher rod on the first wafer and rota-
tionally coupled to the linkage system;

(e) a flexible means on the first wafer, the flexible means
buckling to form an arch-like structure when the pre-
determined force 1s applied, the flexible means attached
to the pusher rod; and

(f) a means for redirecting electromagnetic signals on the
first wafer, the means for redirecting coupled to the
means for buckling at one end through a first connect-
ing means, and coupled to the substrate through a
second connecting means,

the linkage system and the pusher rod both adapted to
transfer the predetermined force to the means for buckling
and to the means for redirecting to allow the flexible means
and the means for redirecting to move out of and into the first

wafer.
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22. The apparatus of claim 21 wherein the means for
redirecting further includes a reflective mirror.

23. The apparatus of claim 21 further imncluding at least
onc anchor stop upon the first water at predetermined
locations, each of the locations determined to prevent a full
angular rotation of the linkage system.

24. The apparatus of claim 22 wherein the first wafer 1s a
single silicon crystal.

25. The apparatus of claim 23, further including a second
waler having at least one second electrical circuit thereon,
the second waler being disposed adjacent to the first wafer
by at least one spacer, the first wafer further including at
least one electrical circuit first thereon and in an electrical
communication with the means for redirecting electromag-
netic signals, wherein when the predetermined force 1is
transferred from the linkage system and the pusher rod to the
means for buckling, the means for redirecting moves out of
the first wafer into the second wafer’s plane of fabrication to
make an electrical contact with the second electrical circuat.

26. A device for redirecting electrical signals on a single
waler, the device comprising:

(a) a wafer;

(b) a primary driver means on the wafer to generate a
predetermined force,

(c) a linkage system on the wafer coupled to the primary
driver means in a gear-like fashion and adapted to
amplily the force from the primary driver means;

(d) a pusher rod on the wafer and rotationally coupled to
the linkage system;

(¢) a flexible rod element on the wafer and coupled to the
pusher rod, the flexible rod element buckling upon
application of the predetermined force and unbuckling
alter a removal of the predetermined force, the flexible
rod element moving within the wafer,

(f) a contact structure on the wafer and coupled to the
flexible rod element at one end through a first connect-
Ing means, the contact structure adapted to move within
the wafer;

(g) a first electrical circuit on the wafer and electrically
attached to the contact structure; and

(h) a second electrical circuit adjacent to the contact
structure on the wafer,
wherein when the predetermined force is transferred from
the linkage system and the pusher rod to the flexible rod
element, the contact structure moves within the wafer to
make electrical contact with the second electrical circuit on
the wafer.

27. The device of claam 26 wherein the primary driver
means 1S a microengine.

28. The device of claim 27 further including a plurality of
anchor stops fabricated upon the wafer at predetermined
locations, the locations selected to prevent a full angular
rotation of the linkage system.

29. The device of claim 27 further including a plurality of
ouides fabricated upon the water adjacent to the pusher rod
to ensure an axial direction of the pusher rod.
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